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3.3    BIOTIC EFFECTS ON THE CONCENTRATION OF ATMOSPHERIC CARBON
DIOXIDE: A REVIEW AND PROJECTION
George M. Woodwell

3.3.1 Introduction

The composition of the atmosphere is changing. It has changed greatly,
of course, throughout the period of the Earth's evolution. Few doubt
the dominant role of the biota in the evolution of the atmospheres the
oxygen is residual from storage in the crust of reduced carbon com-
pounds fixed by plants over hundreds of millions of years. The current
changes are due in part to mobilization of these fossil reserves as
fuel, as well as to changes in the amount of carbon retained in the
biota and soils globally. The immediate question is how large the
recent and future influence of the biota may be.

The primary evidence for current change is the record of observations
of the C02 content of the atmosphere. Modern records show not only a
year-by-year increase of between about 0.5 and 2 ppm in C02 annually
but also a seasonal fluctuation. The amplitude of the oscillation
varies with latitude, altitude, and probably with other factors (see
Machta, Section 3.4). The amplitude approaches 20 ppm in central Long
Island (Woodwell et al., 1973a) and in Barrow, Alaska (Kelley, 1969).
It is about 5 ppm at Mauna Loa and 1 ppm at the South Pole (Keeling et
al., 1976a,b). The peak C02 concentration occurs in late winter? the
minimum occurs in early fall. The oscillation is reversed in the
southern hemisphere to coincide with the southern seasons. These
observations are evidence that biotic factors are large enough to
influence the C02 content of the atmosphere in the short term over
large regions, possibly the Earth as a whole. We know, in addition,
that the terrestrial biota and soils contain two to three times as much
carbon as the atmosphere. A small change in the size of these reser-
voirs globally has the potential for storing or releasing a quantity of
C02 sufficient to affect the amount in the atmosphere appreciably.

Despite the strength of these observations, answers to specific
questions about the role of the biota have proven elusive. Can we use
the history of the terrestrial biota over the past century to help
determine the preindustrial atmospheric C02 concentration (and thus
the sensitivity of climate to increasing CC>2)? What fraction of the
increase in C02 observed since 1958 at Mauna Loa is due to oxidation
of carbon compounds in plants and soils as opposed to combustion of
fossil fuels? What proportion of future C02 emissions will be
absorbed into biotic reservoirs? If current trends in land use con-
tinue, what effect will they have on future atmospheric concentrations?
To what extent could the future C02 content of the atmosphere be
controlled by management of land and forests?

In the sections that follow we discuss the factors that affect the
role of the biota in determining atmospheric C02 concentrations.
These factors include the size and location of major reservoirs of
carbon, the various transitions in metabolism that affect the
reservoirs, and direct human effects, such as the clearing of forested
land for agriculture.